NbSe 3 is a quasi-low-dimensional compound with unique properties. Two incommensurate charge-density waves appear at low temperatures, which slide under the application of an electric field. The mechanism of sliding is not fully understood and it was speculated that precursor effects may be present above the onset temperatures. Scanning tunneling microscopy offers a unique tool to search for such charge instabilities and clear evidence is given for their existence at room temperature. ͓S0163-1829͑96͒08939-4͔
The room-temperature structure of NbSe 3 is built of three slightly different pairs of bicapped trigonal prisms, each stacked into columns ͑Fig. 1͒. The metallic chains along b and the intercolumn bonding along c result in a strong oneas well as two-dimensional character of the structure. The compound was given attention in the past mainly because of the two incommensurate charge-density waves ͑CDW's͒ with q 1 ϭ(0.0,0.243,0.0) and q 2 ϭ(0.5,0.263,0.5), which appear on cooling at T 1 ϭ145 K and T 2 ϭ59 K, respectively. 1, 2 Although their y components add approximately to 1 2 b*, they were reported to be independent 3 and to occupy selectively two of the three column types with most isosceleslike bases ͑type III and type I, respectively͒, while the third ͑type II͒ remains only slightly affected by the CDW's of the neighboring columns. 4, 5 In addition, these CDW's were shown to slide if an electric-field gradient as low as 0.1 V/cm was applied to the crystal, 6 ,7 a property predicted well before it was actually observed. 8, 9 It was this very property which triggered a series of various measurements and calculations, which included structural, 10, 12, 15 transport, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] tranmission-electron 22, 23 ͑TEM͒ and lately scanning tunneling [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] ͑STM͒ and atomic-force 38,39 ͑AFM͒ microscopic studies.
The sliding of CDW's in NbSe 3 is not fully understood. A model with the two modulations randomly occupying within coherence regions both type-I and type-III columns gave the same simulated diffraction pattern as if they were confined to distinct column types. 40 It implied that the CDW sliding may have its origin in a structural instability, already observed during low-temperature TEM studies as peculiar timedependent strings and moirélike fringes. 22, 23 With the appearance of the STM there was new hope for a better insight into the very structural details. However, in spite of numerous efforts [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] the resolution regularly obtained in case of NbSe 3 was not good enough to detect structural or charge peculiarities at the atomic level. In addition, it was known from the very beginning 24 that the resolution depended strongly on the direction of scanning. In one report only the CDW's were clearly resolved at 4.2 K in addition to a partial atomic resolution, but the published micrograph raised discussions regarding its interpretation. 33 With this rather confused situation below both CDW on- set temperatures, it appeared that the clue to an understanding of the CDW sliding phenomena in NbSe 3 was in the structural details of its average structure. Thus, a detailed room-temperature STM investigation in ultrahigh vacuum was carried out with the goal to search for structural peculiarities, which might indicate high-temperature precursor effects to the CDW formation, which would cause no detectable effects on the diffraction patterns. A micrograph with a good atomic resolution was obtained after numerous efforts ͑Fig. 2͒. For the first time six distinct rows of atoms per unit cell were clearly resolved, although the least intense pairs were separated in some areas only ͑e.g., site A). This indicated that the species observed were Se atoms of the top ͑100͒ NbSe 3 face, exposed after cleaving the crystal along one of its van der Waals gaps. With the exception of a few groups of missing Se atoms ͑e.g., site B) the surface was defect-free. Care had to be taken with the assignment of the column types. Contrary to the unit-cell dimensions the measured intercolumn and intracolumn distances showed large discrepancies from their expected values. The measured unitcell periodicity along the c direction was 15.8Ϯ0.8 Å, which was in good agreement with 15.629 Å as determined from x-ray analysis. In contrast, the subsequent intercolumn and intracolumn distances, measured from the topmost Se atom of the type-III column in the direction of the c axis ͑and ignoring the prevailingly unresolved type-II column͒ were 2.7 Ϯ0.3 Å, 3.3Ϯ0.6 Å, 2.4Ϯ0.4 Å and 7.7Ϯ0.8 Å as compared to the expected 1.823 Å, 3.065 Å, 2.467 Å, and 8.280 Å, respectively. The reason was to be found in the Se charges, which tended to be unstable and were smeared along the scanning direction. Although best resolution was obtained with scanning performed at approximately 45°to both, the b and the c axes, the same caused problems, because of being almost in line with two Se positions. As a result, those atoms belonging to the same columns appeared either as smeared pairs ͑e.g., site C) or being well displaced from their expected positions ͑e.g., site D). They apparently occupy wrong positions, because all atoms in NbSe 3 should be found at two heights only ͑0 and 1 2 ͒ along the columns. Thus, an uncertainty regarding the assignment of columns remains in spite of the good resolution. The assignment given in Fig. 1 is in agreement with theoretical predictions , that charges will be displaced from their corresponding atomic positions and that columns with most isosceleslike bases will appear as the brightest ones. 34 A closer inspection of the micrograph shows that the two rows of atoms, which form the type-III columns differ slightly in their appearance ͑e.g., site E). It is this set of rows which changes abruptly at an electronic artefact ͑e.g., site F), such that the right row of atoms appears slightly closer to the left one above that horizontal line ͑with scanning performed upwards͒. We suggest that the artefact is due to a Se atom being transferred from the surface to the tip by the huge local field, which changed the energy bands of the tip and slightly reduced the contribution of the buried atoms to the tunneling current. The subsurface atoms can be resolved in some areas, such as site G, where the top Se rows of the buried type-IIЈ columns and at site H, where the Nb atoms belonging to type-III columns, are barely visible.
To look at atoms in real space by means of STM and related atomic probe methods, freed from an often tedious and uncertain determination of important parameters, which contribute to the transfer function responsible for the lattice imaging contrast in high-resolution TEM, is certainly an attractive challenge. However, the NbSe 3 case shows clearly that the interpretation of STM micrographs can under certain conditions become tedious and by no means straightforward. The huge local field between the scanning tip and the surface atoms can significantly displace unstable charges of the latter along the scanning direction. NbSe 3 is certainly not an isolated case of that kind, but it probably is a rare one where this effect is so extremely pronounced. Thus, the dependence of the resolution on the direction of scanning and especially the observation of charges well displaced from their corresponding atomic positions at room temperature indicate clearly that precursor effects to that of CDW sliding, which makes this compound so unique in its properties, are present well above the CDW onset temperatures already. Rouxel 
